The aims of this prospective cohort study were to monitor childhood blood pressure (BP) and cholesterol and link them to fetal and childhood growth. Of the 215 children recruited after delivery in a rural county of eastern Finland during 1981 and 1982, 180 (83.7%) stayed in the study until the age of seven. The measurements assessed were BP, serum cholesterol and anthropometry. Of the children originally in the highest BP quartile at the age of 6 months, 58% (systolic BP (SBP)) and 68% (diastolic BP (DBP)), respectively, remained in the same quartile until the age of 7 years; 53% (SBP) and 60% (DBP), respectively, remained in the same lowest quartile. Consequently, BP at 6 months correlated strongly with SBP (r = 0.69, P Ͻ 0.001) and DBP (r = 0.75,
Introduction
According to the fetal growth hypothesis factors in utero determine the blood pressure (BP) level later in life. Growth retardation in utero and in infancy is proposed to lead to higher BP levels later in life. The hypothesised underlying mechanism has been named programming, ie, a process by which a stimulus, during a critical period of life, can induce irreversible changes in cells and organs. 1 The existence of programming is supported by an inverse relationship between birth weight and BP, suggesting early influences in determining BP. [2] [3] [4] [5] [6] [7] However, some studies have failed to detect any significant effect of birth weight on BP 8 and also a Ushaped relationship between birth weight and BP has been described. 9 The hypothesis therefore remains somewhat controversial in humans. Animal studies have shown that it is possible to induce high BP 10 and glucose intolerance 11, 12 by diet manipulation during pregnancy, supporting the theory of programming.
Also the existence of tracking BP and cholesterol in children supports the programming theory. [13] [14] [15] [16] [17] Body weight and height track well and healthy children usually grow in special growth patterns and this has been used in the growth charts to screen for pathological processes. The results concerning tracking of BP have been mixed and it seems as though BP would not track as well as cholesterol or height and weight. 14, 18 BP tracking would be a logical consequence of programming and therefore a lack of tracking would strongly argue against the fetal growth hypothesis.
A low weight at 1 year of age has been shown to increase the risk of cardiovascular disease as well as its risk factors later in life, [19] [20] [21] [22] and could be a reflection of impaired fetal growth or caused by other factors during the first year of life. It is therefore of interest to study the possible modifying effects of fetal growth on growth in infancy and its possible effects on BP and cholesterol.
The aims of this prospective cohort study were to monitor childhood BP and cholesterol and link them to fetal and childhood growth.
Subjects and methods
All children born (n = 215) in a rural county of eastern Finland in 1981 and 1982 were followed from birth to the age of 7 years. Of these 180 (83.7%) were still participants in the study after 7 years of follow-up. The children were followed up at 6 months, 1, 2, 3, 5 and 7 years of age. Data were available for 180 individuals up to 7 years of age, but this was not complete in all cases. The following measurements were assessed: height, weight and BP. Cholesterol was assessed at 3 and 7 years of age.
After the parents and children were enrolled in the study, two nurses collected the information concerning the delivery from the maternity care records. The data extracted included birth weight, placental weight, length at birth and other relevant information about the pregnancy based on hospital records.
All of the examinations took place within 2 weeks of the scheduled follow-up visits. They were examined indoors in the local health care station between 8 am and 11 am.
Blood pressure
One physician whose measuring techniques had been carefully standardised carried out all the children's BP measurements with a Boso-mercury sphygmomanometer. Cuff size was adjusted according to the age of the child. Three measurements were made and the average of these was used in the analyses. Blood samples were taken after measuring BP.
Anthropometry
Weight was measured with a calibrated SECA TM scale at 6 months and 1 year of age lying down and thereafter standing wearing light indoor clothing. Height was measured lying down at 6 months, 1 and 2 years of age. Thereafter height was measured with Kawe ® equipment.
Blood samples
Fasting venous blood was drawn from the antecubital vein. Serum cholesterol samples were determined enzymatically with a CHOD-PAP method (Boehringer reagents) at the National Public Health Institute in Helsinki. The analyses are based on the 180 children that stayed in the study up to 7 years of age. Simple and multiple linear regression models were used to detect associations. Ponderal index was calculated as birth weight divided by birth length in cubic. In Tables 1, 2 and 3 P-values were derived using simple linear regression with birth weight, weight at 1 year of age and BP as a continuous variable.
Birth weight and weight at 1 year of age were divided into quartiles in Tables 1-3 to elucidate the observed statistical associations. The statistical analyses were produced with the SAS 6.11 software. A P-value Ͻ0.05 was considered statistically significant. The study has been approved by the ethical committee of the University of Kuopio.
Results
The mean systolic BP (SBP) level of the cohort decreased significantly both in girls (from 112 to 109 mm Hg, P = 0.048) and boys (from 114 to 110 mm Hg, P = 0.0001) during the 7-year follow-up. Diastolic BP (DBP) remained constant (boys 74 -74 mm Hg, girls 73-73 mm Hg). Of those children belonging to the highest BP quartile at the age of 6 months, a total of 58% (SBP) and 68% (DBP), respectively, remained in the same highest quartile until the age of 7 years; correspondingly 53% (SBP) and 60% (DBP) remained in the lowest quartile from the age of 6 months to the age of 7 years. The tracking correlation coefficient for SBP was 0.69 (P Ͻ 0.001) and for DBP, 0.75 (P Ͻ 0.001).
Birth weight, ponderal index, placental weight and placental to birth weight ratio did not correlate with BP during the follow-up (Table 1) .
In a backward regression analysis (not including the child's earlier BP measurements) with the SBP at 7 years as outcome variable, two significant variables were left in the model: weight at 1 year of age and maternal smoking, assessed when the child was 6 months. Weight at 1 year of age correlated positively with later SBP (Table 2 ), but not with DBP. The weight gain during the first year of life was positively related to later SBP but not to DBP (Table 3) . Birth weight was inversely related to weight gain during the first year of life in boys (r = −0.23, P = 0.02) but not in girls. Birth length, ponderal index, placental weight and placental to birth weight ratio were not related to weight gain during the first year of life. Weight gain in the children correlated inversely with the length of time the child was breast fed (r = −0.26, P = 0.0004).
A multiple linear regression model, adjusting for SBP at the age of 1 year and weight at the age of 7 years, showed that weight at 1 year of age was related to DBP (P = 0.03) but not to SBP (P = 0.72) at the age of 7 years (Table 4 , model 1). SBP at the age of 1 year and weight at 7 years were, however, significant predictors for SBP at 7 years of age in this model. DBP at the age of 1 year and weight at 1 and 7 years of age were also associated with DBP at the age of 7 years. In a separate model using weight at the age of 1 year and 7 years, weight at 1 year was a better predictor for SBP than weight at 7 years (Table 4 , model 2).
Placental weight was inversely related to total cholesterol at 7 years of age (r = −0.16, P = 0.048) but not at the age of 3 years (r = −0.16, P = 0.22). Placental to birth weight ratio correlated inversely with total cholesterol both at the age of 3 years (r = −0.25, P = 0.046) and at the age of 7 years (r = −0.16, P = 0.045). Serum cholesterol was not related to ponderal index or birth weight during the follow-up.
Discussion
We did not find any associations between anthropometric measures at birth and subsequent BP in our study of young children. Weight at 1 year of age however, correlated positively with subsequent SBP during the first 7 years of life. Furthermore an association between placental weight, placental to birth weight ratio and cholesterol at 7 years of age was seen. The findings support tracking of BP and the importance of early growth. However, no associ- ations were found between birth weight or ponderal index and BP and cholesterol levels in childhood. It is also possible that the effects of in utero factors on BP and other metabolic factors become detectable only later in life when a more marked elevation in these factors may occur. Growth during the first year of life, however, seems to have an influence on subsequent BP, since SBP at 7 years of age increased with increasing weight at 1 year of age, mainly due to a high increase in weight during the first year of life.
The clinical relevance of the rather small effect of weight at 1 year of age on subsequent BP is not known, but it has been suggested that small differences in childhood BP might be amplified over the years. 23 , 24 The differences in BP might therefore be F-value for model = 1.0, P = 0.34 important although weight at 1 year of age only explained 4% of the BP at 7 years of age (Table 4 , model 2). Because such a difference would perhaps not be clinically relevant in adults, the same is not automatically true for children. The children in our study with higher BP at the age of 7 years will have higher BP for decades caused by the tracking phenomena. This is bound to lead to a higher risk of complications from the higher BP level and this could make the differences highly relevant. Reasons for the lack of an association between birth weight and ponderal index and later BP could be due to differences in study population or maternal nutrition during pregnancy between our study and the ones previously published, [3] [4] [5] [6] [7] as well as the highly organised maternal care in Finland. In our study there were only four individuals with a low birth weight (р2500 g) which could mean that there were not enough growth retarded subjects to detect any differences in SBP.
The level of cardiovascular risk factors and salt intake is high in the study population from North Karelia which might influence the results. 25, 26 This consequently is seen as about a 10 mm Hg higher BP level in our study population compared with findings from other countries. 27 On the other hand, we realise that direct comparisons of BP levels between populations are subject to biases and confounding factors which are difficult to correct.
The BP level of the individuals is determined early in life since BP tracking was observed in this cohort. In support of tracking we found a correlation between BP at 6 months and 7 years of age and there was a strong tendency for children to stay either in the same highest or the same lowest BP quartile during the follow-up. A multiple linear regression model showed that BP at 1 year of age is the strongest determinant of BP at 7 years of age. Consequently, the earlier BP level is the strongest predictor of later BP and this influences the BP more than weight changes in childhood. Interestingly weight at 1 year of age is a stronger predictor of BP at 7 years of age than the actual weight at 7 years of age. We therefore propose, that events taking place before the age of 1 year, cause both high BP and a higher weight gain during the first year of life. Whether genetic factors or programming is responsible for the tracking of BP can not be determined in this study.
We believe that the growth retardation experienced by some of the new-born babies because of deficient maternal nutrition is likely to be too small to result in a drop in birth weight in a cohort of this size. It has been shown in animal experiments that those suffering from slight growth retardation in utero will experience a catch up in growth after birth. But only a severe growth retardation will lead to failure to thrive. In support of this Leon and coworkers 28 found that people who were light at birth and above median height at adult age had particularly high BP indicating a failure to realise growth potential in utero. This could explain why in our study weight at 1 year but not birth weight predicts later SBP.
Since birth weight was inversely related to weight gain in boys during the first year of life, it is plausible that the growth retarded fetuses caught up and achieved a greater weight at 1 year of age. This is in accordance with the findings from twin studies where the co-twin who was leaner at birth will catch up with the weight of the other co-twin at the age of 1 year. 29 Weight gain during the first year could be a better measure of growth retardation than low birth weight. On the other hand, the higher weight gain in non-breast fed children could be due to the diet during the first year instead of fetal growth retardation. Still this does not exclude the SBP being programmed during the first year of life. It is however likely that both diet and fetal growth retardation influenced the weight gain.
The quality of maternity care is an important influencing factor. Great emphasis has been put on developing the antenatal care in Finland and all pregnant women are encouraged to visit the antenatal clinics. Attendance is almost 100% since attending the maternity care is required for the economical support for motherhood leave. Nutritional aspects are emphasised in the maternity care and the well-being of the mother and the fetuses are followed up at regular intervals. Even in uncomplicated pregnancies the mothers visit the antenatal clinics 12-13 times and an ultrasound screening examination is performed at 13-17 weeks of gestation.
We believe that nutrition during pregnancy is good in Finnish women because of the extensive effort to develop the maternity care. Therefore the nutrient intake in our study population might be sufficient to eliminate severe growth retardation caused by nutritional deficiency. On the other hand fetal growth retardation might have been compensated by optimal intake of nutrition in infancy. Still the effects of growth retardation showed up as catch up growth during the first year of life. More research is needed on how longitudinal growth during the first years of life programmes adult BP and the possibility of later compensating for growth retardation suffered in utero.
We conclude that in Finnish children birth weight is not associated with subsequent BP. The growth during the first year of life, however, is different in children with higher SBP than in those whose BP is lower, although the mechanisms for this are unknown. As BP tracking can be seen in childhood, a programming of cholesterol levels in utero is suggested by our findings.
